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Abstract 
The continuously growing utilization of ceramic compounds in the field of medicine, industry and aerospace, among others, 
imply a high degree of specialization in terms of the material properties and functionalization due to the diversity of the 
requirements of the ceramic parts. The necessity of lightweight final parts with suitable surface properties oriented to biomedic 
applications demands innovative ceramic compounds whose machining is, in many cases, considerably difficult due to the 
fragility or dustiness of the material. In this respect, novel solutions for the materialization of ceramic prototypes following 
subtractive methodologies become essential. Examples of these novel solutions include the adaptation of subjection systems 
that permit the machining processes involved without the damage of the part. The present article summarizes the development 
of a tailored subjection system for the machining of advanced ceramic cups with biomedical applications in the field of 
prosthetic implantology.  
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Universidad de Zaragoza, Dpto Ing Diseño y Fabricacion. 
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1. Introduction 
When working with advanced technical ceramic materials, a crucial aspect related with the eventual 
manufacturing or prototyping of parts is the machining processes involved. Several different approaches have been 
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done in order to address the manufacturing of such materials like the different methodologies for green machining 
(Novikov et al., 2005; Jirapattarasilp et al., 2007; Gomà et al., 2007; Graeve et al.,2008). In such processes the 
material is subjected to stresses and strains that might damage irremediably the ceramic part resulting in its loss. In 
order to avoid this, the development of suitable subjection systems with the goal of allowing the machining 
processes involved in the manufacturing chain become necessary. These subjection systems depend eventually on 
the particular type of the machining process and more specifically on the geometry of the part, being necessary to 
consider two or more different tailored subjection devices in most of the cases. The work presented in this paper 
proposes an innovative subjection system for the machining of advanced ceramics and was conducted as a part of 
the research carried out in the work package 3 of the FP7 project called MATCh. The activities developed in the 
frame of this project have included the prototyping of ceramic cups as a primary layer for prostheses with 
biomedical applications. The geometric specification of the part consisted of a hollow hemisphere, which required 
the utilization of two different subjection techniques depending on the machining of the concave or convex side of 
the cup respectively. 
The most innovative results of the work carried out in the MATCh project were (1) the development of a 
ceramic material capable of meeting the biocompatibility requirements of the project being machinable at the same 
time, (2) the design of a complete machining route and (3) the development of the innovative and tailored 
subjection systems commented.  
2. Experimental procedure 
The first stages in the development of the MATCh project materialized in the form of compressed and pre-
sintered cylinders of a ceramic material whose composition was integrated by Alumina and Zirconia. Statistical 
tests done considering different percentages of these two components revealed the most suitable composition for a 
proportion of 75% Alumina and 25% Zirconia, obtaining a compound able to admit machining processes and 
meeting the requirements for its utilization in biomedical prostheses( Cuiñas et al., in preparation).  
Subsequent tasks of the MATCh project were focused on the prototyping of hemispherical cups using the pre-
sintered cylinders constituted by this ceramic composite (see Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Scheme of the monoblock ceramic cup  
The fragility of this material and the geometrical requirements of the design required the development of 
subjection systems that could allow the machining processes of the internal and external sides of the cup. For 
simplicity, the first process was the machining of the outer side of the cup. 
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2.1. Outer sphere machining 
The subjection method used for the machining of the outer side of the cup consisted of an aluminium support 
fixed to the ceramic cylinder (figure 2a). This cylindrical aluminium support was intended to absorb the stress 
caused during the machining process, thereby releasing the ceramic material from an early damage (figure 2b). In 
order to realize the bonding between the aluminium support and the ceramic cylinder, a two-component Epoxy 
resin was used.  
An important point of this procedure was the centering of the two cylinders in a common axis with the goal to 
avoid the possible shifting while machining the sphere on the ceramic material. 
The fixation method enabled a planar junction and, thus, a reduction of the stress concentration on the ceramic 
part which otherwise could have lead into a brittle failure.  
The aluminium support required a machining pre-process oriented to achieve a flat contact with the ceramic 
part, allowing a planar tolerance deviation of ± 0.1 mm. The aluminium cylinders were manufactured by turning in 
a lathe.  
 
 
(a) (b)  
Fig 2. (a) Aluminium support fixed to the ceramic cylinders. (b) Machining of the ceramic 
The dimensions chosen for the aluminium support were 30 mm diameter and 12 mm length for the 
immobilization in the chuck during the machining of the ceramic. 
Once the subjection system for the outer sphere was mounted, the machining process of the outer sphere was 
divided into three operations: the blank sphere machining, the finished sphere machining and the planar surface 
(figure 3).  
After the completion of the outer sphere machining the aluminium support was removed. 
 
 
(a) (b) (c)  
Fig 3. (a) blank sphere machining, (b) finished sphere machining and (c) planar surface 
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2.2. Inner sphere machining 
The hemispherical geometry of the outer face and the fragility of the ceramic compound used in the cup made 
impossible the utilization of a conventional subjection system for the machining of the inner face of the cup. In this 
sense, an innovative solution for the immobilization of the ceramic was designed and implemented consisting of a 
tailored plastic holder for the accommodation of the hemispherical cup and, in order to provide immobilization and 
rigidity, an adapted metallic box containing the plastic holder. With this solution the ceramic cup could be 
machined without damages (see the schematic figure 4). 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. Scheme of the design of the subjection system for the machining of the inner face of the cup 
The metallic box used for supporting the plastic holder was closed with a lid screwed on the metallic box, 
therefore immobilizing the ceramic cup. In order to allow the subsequent machining of the ceramic cup the lid was 
drilled. 
A ring was added to this subjection system between the lid and the ceramic cup in order to avoid the eventual 
scratching of the fragile ceramic part when clamping the lid, and also to guarantee the correct adaptability of the 
system for different cup dimensions.  
For maximizing the contact surface between the box and the plastic holder, making the liaison safer and 
optimizing the subjection system by preventing from internal movements during the machining operations, a 
conical shape for the inside of metallic box and the plastic holder was proposed.  
 Manufacturing of the plastic holder in the subjection system 
 
The plastic holder was fabricated by stereolithography using a SLA 7000 according to the design shown in 
figure 5. 
 
 
 
 
 
 
 
 
 
 
Fig 5. Detail of the plastic holder 
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 Manufacturing of the metallic parts of the subjection system 
 
The metallic support designed for the subjection of the ceramic cup during the machining of its internal side 
consisted of a box, a lid and a ring (figure 6). 
 
 
(a) (b) (c)  
Fig 6 (a, b, c). Pictures of the metallic parts of the subjection for the machining of the external face of the ceramic cup including the support (a), 
the lid (b) and the ring (c). 
The box used to enclose the system, shown in figure 6a, was made of steel, preparing first the base of the 
cylinder and then machining its exterior side, the external thread and the inner cone. These operations were 
realized using a CNC turning machine in a three-jaw chuck subjection device.  
As in the case of the box, the base material used for the lid (figure 6b) was a steel cylinder. In a first step the lid 
was machined and drilled using a CNC lathe, making the hole for the subsequent machining of the inner face of the 
ceramic cup, and then the lid was threaded using a M90 standard so that it could be screwed on the metallic 
support. In a second step, the top edge of the lid was rounded with a 5-radius machine. 
For the ring (figure 6c) a standard CNC turning machine was used for the machining of the entire ring, after 
which its two sides were subjected to an abrasive treatment through a grinding machine to achieve a fine finished 
surface. In the same stage of the process, a drill was used to perforate a bore in the center of the ring as in the case 
of the lid. Then, the grinding machine was used to provide the ring its final finish suitable for the contact with the 
ceramic cup without damaging it. 
Once the subjection system was manufactured and mounted wrapping the ceramic cup (see figure 7), the inner 
part of the cup could be successfully machined as figure 8 shows. 
 
(a)  (b)  
Figure 7. (a) Detail of the ceramic cup inside the metallic support and the ring. The system can be closed by screwing the lid. (b)Scheme of the 
whole subjection system for the machining of the inner cup 
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Figure 8. Snapshots of the machining process of the internal face of the ceramic cup once it is subjected with the metallic device 
3. Results and discussion 
The complexity of the manufacturing of the ceramic cups due to the nature of the material used, as well as the 
geometrical constraints, highlighted the importance of a suitable immobilizing system to be used as a subjection 
device during the manufacturing of the ceramic cups. 
The different steps in the manufacturing chain of the ceramic cups would not be possible unless a safe tailored 
subjection system was developed in response to the exigencies of the machining processes. In this sense, due to the 
shape of the ceramic part, two subjection systems were required, one for the machining of the convex side of the 
cup and another for its concave face. 
The simplest solution found were a simple cylindrical metallic support for the machining of the outer side of the 
cup, and a metallic device containing a tailored plastic holder for the machining of the inner face. 
The two subjections systems designed and implemented allowed the machining processes without damaging the 
ceramic cups. This way the ceramic cups could be machined from the raw ceramic cylinders and released for the 
posterior surface treatments envisaged in the MATCh project (Uceda et al., in preparation).  
4. Conclusions 
The work done in this paper to obtain a tailored hemispherical cup with biomedical applications enabled the 
development of a fully customized subjection system for the machining of the internal and external faces of the 
ceramic cup in such a manner that the stress caused during the machining steps did not cause any damage to the 
ceramic part. Due to the mechanical properties of the ceramic used and the complexity of the geometry of the part, 
together with its functional requirements, demanded the design and development of a tailored subjection 
mechanism for the different machining steps of the ceramic cups. In this sense, the system conceived for the 
machining of the external face of the cup consisted of an aluminium cylinder attached to the ceramic. This 
aluminium support absorbed the stress generated in the process, preventing any possible damage to the ceramic 
material. For the machining of the internal part of the cups, a tailored system was designed consisting of a plastic 
holder whose geometry was adapted to hold the external face of the cup. This plastic device was introduced into a 
metallic box that enclosed the system, permitting the machining of the internal face of the ceramic cup without 
damaging it. 
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